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© Polyphenylene ether polyarylene sulfide composition. 



© A resin composition having an excellent welding property comprising a polyphenylene ether and a 
polyarylene sulfide is provided. The resin composition comprises (A) a polyphenylene ether and (B) a 
polyarylene sulfide having a temperature-mediated crystallization (Tmc) of not greater than 225 • C. 
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™ 6 pres6nt ,nvent,on re,ates t0 a resi " composition and more particularly, to a thermoplastic resin 

compos,t,on having an exceilent welding property in injection or extrusion moM&^SSSST! 
polyphenylene ether and a polyarylene sulfide as main resin components composes a 

b r^l Pt T y >T T rS rSSinS havi " 9 exC8,,ent me chanical and electrical properties and high heat 
a ^'Stance but have the defect of poor moldability and poor solvent resistance. It is therefore under the 
s.tuat.on that for utilization of polyphenylene ethers alone, its range is greatly resLU 

classified into^L ^f; " ,fides presented by polyphenylene sulfide are one of resins 

classrf.ed .nto heat res.stant res.ns and are known to have, in addition to high temperature tolerability for 
confnuous use and h.gh rigidity, the properties that they have high melt rheology. fire re^am parties 
10 and excellent solvent resistance. Polyarylene sulfides have thus been widely^ used aTSus 

ESS? r ' i,m ^ PUrP ° Se - H0WeVer ' a f poor T£££ 

brZT'raZ " ""^ Stren9,h - ** 3 **" h 3 Seri ° US 0bstacl6 to b - d ^ the X to a 

n wrth^efrofrhf °n S ' "I" 3 Va f ' Uab,e at,emPt fr0m an induStrial viewpoint ' 10 devel °P ~sin compositions 
35dJT2i,? P T, S ° f SaCh com P°" errt »>y blending polyphenylene ethers and polyarylene 
In lHrTL 9 V Pr ° PertieS - ^ SUCh proposal has already been made in 
^rp^^ToTb^^ ^ P0, ^'ene ethers and polyarylene suffidfslsZ 
iSoSi reSm C ° mPOS,t,0nS haVi " 9 GXCe,,9nt meChaniCa ' P ' 0p6rti6S * -ply 

20 nJrlLT™* thS - f0r890in9 Pr ° b,e,nS ' there have 15660 P r °P° sed the 'oKewing resin compositions- a resin 
compos,t.on compnsmg modified polyphenylene ether and polyarylene sulfide (JP-A^SS Sn 

TpTi n 2^ P 6 r ur n9 m ° di,ied P0,yph6 ^ ten6 6th6 '- ™ d '**< PO.yary.ene sulfide' and a oiSer ^ ™" 
rated ca^ox^c ^iH C ° mp0Srti ° n com P™"9 modified polyphenylene ether modified by an unsatu- 
S? e Carb °7 ,,c ac,d or 30 ^saturated carboxylic acid anhydride, polyphenylene sulfide and * 

22 t CC r° Und ' ° r 3 reSin COmp ° Sition «"P**HI Polyphenylene ethTXhenyle fsuS a 

sssarcsi" ~ d carboxy,ic acid or an u — ca ~* — s : 

(JP-A- 3-f7l53). etc. However, these compositions proposed before are not satisfactnrv in t» m c „* 
M L^Tr^' " ta ™' m •"** " "<* a"""" * ""OdM rift a rXT i idlfc To 

™i J ^ 63 '' 83954) ' a P0l>mer btad ""Wising a polyphenylene efter. a polyarylene sulfide and a 
compel bfang agerrl need lor a polyphenylene etheepolyaniide polymer m wJe uSSaS Si .TH 

^daTo^^tisZr^r- a ~- • « 
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properties, particularly excellent welding properties. 

That is, the present invention relates to a resin composition comprising: 

(A) a polyphenylene ether and, 

(B) a polyarylene sulfide having a temperature-mediated crystallization (Tmc) of not greater than 225 • C. 
The present invention also relates to a resin composition further containing (C) a compatibilizing agent 

and/or (D) a filler in addition to the components (A) and (B) described above. 

The polyphenylene ether (A) in the present invention is a polymer comprising a recurring unit shown by 
general formula 1: 



w General formula 1 



R' . R 



R 4 

wherein R\ R 2 , R 3 and R 4 , which may be the same or different, each represents a 

hydrogen atom, a halogen atom, a hydrocarbon group, a substituted hydrocarbon group, a hydrocarbon 
oxy group or a substituted hydrocarbon oxy group. 



Examples of the substituent in the substituted hydrocarbon group and substituted hydrocarbon oxy 

group include a halogen atom, a hydroxy group, an amino group, a nitro group, a cyano group, a carboxyl 

group, an amido group, an ether group, a sulfide group, a sulfone group, etc., which are thermally stable. 
Specific examples of the polyphenylene ether containing the repeating unit shown by general formula 1 
30 include 

poly(2,6-dimethyl-1 ,4-phenylene ether), 

poly(2,6-diethyl-1 ,4-phenylene ether), 

poly(2-methyl-6-ethyl-1 ,4-phenylene ether), 

poly(2-methyl-6-propyl-t ,4-phenylene ether), 
35 poly(2,6-dipropyl-1 ,4-phenylene ether), 

poly(2-ethyl-6-propyl-1 ,4-phenylene ether), 

poly(2,6-dibutyl-1 ,4-phenylene ether), 

poly(2,6-dipropenyl-1 ,4-phenylene ether), 

poly(2,6-dilauryl-1 ,4-phenylene ether), 
40 poly(2,6-diphenyl-1 ,4-phenylene ether), 

poly(2,6-dimethoxy-1 ,4-phenylene ether), 

poly(2,6-diethoxy-1 ,4-phenylene ether), 

poly(2-methoxy-6-ethoxy-1 ,4-phenylene ether), 

poly(2-ethyl-6-stearyloxy-1 ,4-phenylene ether), 
45 poly (2-methyl-6-pheny 1-1 ,4-phenylene ether), 

poly(2-methyl-1 ,4-phenylene ether), 

poly(2-ethoxy-1 ,4-phenylene ether), 

poly(2-chloro-l ,4-phenylene ether), 

poly(3-methy l-6-t-butyM ,4-phenylene ether), 
so poly(2,6-dichloro-1 ,4-phenylene ether), 

poly(2-5-dibromo-1 ,4-phenylene ether), 

poly(2,6-dibenzyl-1 ,4-phenylene ether) and various copolymers containing a plurality of the recurring units 
constituting these polymers. The copolymers include copolymers of a multi-substituted phenol such as 
2,3,6-trimethylphenol, 2,3,5,6-tetramethylphenol and 2,6-dimethylphenoL 
55 The polyphenylene ethers (A) referred to in the present invention also cover modified polyphenylene 
ethers obtained by grafting the polyphenylene ethers described above with a styrene type monomer such 
as styrene or a-methylstyrene. 
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ln«*STvX d^i" m °' aC ' ,to " el9M " >»*>*^*~ <*» <«*•. «n be used in ,h. p, ssera 
by limiting viscosity measured in chloroform at 30 * C 9 ' ex P«>ssed 
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General formula 2 
f Ar - S J 

20 wherein Ar represents a divalent aromatic residue 

rtZSZlZEtZ diVa,en, "° matiC feSidUeS Sh ° Wn by fomulae 3 12 -d nucleus- 
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These polyarylene sulfides (B) may be DrenarfiH o„ k 
polyhalogenated aromatic compound wHh a suKw. ^'h^ 3 Pr °° eSS Whl '° h Comprises reac «"9 a 
solvent (US-A-2,513,188. US-A 4,03am fp-B^lZT) S " *" *■ in 3,1 "J* polar 

reacrSVpTs?^ addin 9 a carboxylic acid salt to »e 

in the resin composition of the n ~i * A" 58 - 29822 - JP-B-53-25880, etc.). 
Po.yary.ene sulfide (B) S^^Ti^^'dS^*' — <*> to 

fludrty, etc. required for the composition but Ze is ™ 2? f 9 UP °" PUrp0Se like heat distance, 
weight ratio of the polyphenylene ethe Z) t ? P ? reStriC,i0n 00 me ratio " H ° w ^. the 
5 : 95 to 95 : 5, more prLablyTrTres^ rbr* P ? *° m 1 : " t0 99 : ^b.y 
polyphenylene ether (A) and the polyarylene sulfide (B) °" ** t0,a ' wei9ht of tne 

* * — ce which 

Tb7o\7obT^ ^ P0 ' yPheny,ene SU ' fide - 

.hermop,as«; resin 2^1^^ yphenylene ether and crystal.ine 
Among these comparing agents. IS^^^*™ " 
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The polyisocyanate (C) in the present invention refers to an organic compound containing two or more 
isocyanate groups and/or isothiocyanate groups in the molecule thereof. Specific examples of such 
polyisocyanates include aromatic polyisocyanates such as m-phenylene diisocyanate, 2,4-toluylene 
diisocyanate, 2,6-toluylene diisocyanate, 4,4 , -diphenylmethane diisocyanate, 4,4 , -diphenylpropane 
5 diisocyanate, naphthylene-1 ,5-diisocyanate, S.S'KlimethylbiphenyM^'-diisocyanate, dimethyldiphenyl- 
methane diisocyanate, diphenyl ether-4,4'-diisocyanate, diphenylsulfone-4,4 , -diisocyanate or triphenyl- 
methane triisocyanate ; aromatic-aliphatic polyisocyanates such as xylylene diisocyanate; aliphatic 
polyisocyanates such as 4,4-cyclohexane diisocyanate, dicyclohexylmethane-4,4'-diisocyanate, isophorone 
diisocyanate, 1,12-dodecane diisocyanate, hexamethylene diisocyanate or 2,4,4-trimethylhexamethylene 
10 diisocyanate, and mixtures thereof, as well as compounds having an isothiocyanate group corresponding 
thereto. The polyisocyanates of the present invention also include polymers of these compounds, e.g., 
dimers, trimers, etc.; carbodiimide-modified type; modified polyisocyanates such as block type obtained by 
masking the isocyanate group with phenols, lactams, etc. 

Among the polyisocyanates described above, preferred polyisocyanates are aromatic polyisocyanates 
75 and aliphatic polyisocyanates, more preferably 2,4-toluylene diisocyanate, 2,6-toluylene diisocyanate, 4,4*- 
diphenylmethane diisocyanate, S.S'-dimethylbiphenyl-M'-diisocyanate, diphenyl ether-4,4*-diisocyanate, 
hexamethylene diisocyanate and isophorone diisocyanate, most preferably 4,4 , -diphenylmethane 
diisocyanate and polymethylene polyphenylene polyisocyanate. 

Where the compatibilizing agents (C) are used in the resin composition of the present invention, a 
20 preferred range of the proportion of the components used to exhibit the effect is not generally determined 
since the effect varies depending upon kind or composition of the polyphenylene ether (A) and the 
polyarylene sulfide (B) chosen, in addition to the kind of the component (C) itself. In general, however, the 
weight ratio of the polyisocyanate (C) is in the range of 0.01 to 30 parts by weight, preferably 0.1 to 20 
parts by weight, more preferably 1 to 10 parts by weight, based on the total 100 parts by weight of the 
25 polyphenylene ether (A) and the polyarylene sulfide (B). 

If necessary and desired, the resin composition of the present invention may contain fillers (D). 
Examples of such fillers are inorganic fibers such as glass fibers, potassium titanate fibers, rockwool or 
carbon fibers; organic fibers such as aromatic polyamide fibers or polybenzimidazote fibers; metal fibers 
such as stainless fibers, fibers of brass or zinc aluminum fibers; inorganic compound particles such as glass 
30 beads, asbestos, wollastonite, mica, talc, clay, calcium carbonate, magnesium hydroxide, silica or dia- 
tomaceous earth; metal particles such as aluminum flakes or zinc flakes; and organic compound particles 
such as polyimide powders. Of these fillers, preferred fillers are glass fibers. 

For preparing the resin composition of the present invention, a variety of conventional processes such 
as solution blending or melt kneading are applicable but melt kneading is preferred. For melt kneading, the 
35 components described above are, for example, mixed with known mixing means used for mixing the resins 
with each other, the resin and liquid or solid additive, using a Henschel mixer, a super mixer, a ribbon 
blender, a V blender, etc. to form a homogeneous mixture; then, the mixture is kneaded by a kneading 
means using a Bambury mixer, a plast mill, a Brabender Plastograph, a single screw extruder, a twin screw 
extruder, etc. 

40 Upon kneading, the temperature is chosen from the range of 1 50 to 400 • C, preferably 200 to 350 • C. 

The addition of tertiary amines, quaternary ammonium salts, phosphines or imidazoles which are used 
as catalysts for promoting the reaction of the compatibilizing agent (C) is not particularly restricted. 

The resin composition of the present invention may also contain other substances, if necessary and 
desired. Examples of such additives include elastomers, flame retardants, stabilizers, plastics and lubric- 
45 ants. 

Examples of the elastomers include polybutadiene rubber, polyisoprene rubber, butyl rubber, ethylene- 
propylene copolymer rubber, ethylene-propylene-non-conjugated diene copolymer rubber, butadiene-sty- 
rene copolymer rubber, butadiene-acrylonitrile copolymer rubber, hydrogenated and non-hydrogenated 
styrene-conjugated diene block copolymer rubber, polyester rubber, acryl rubber, silicone rubber, and 
50 modified products thereof. 

Among them, preferred elstomers are ternary copolymers obtained by copolymerization of diene 
compounds, ethylene-propylene copolymer rubbers including modified copolymers such as graft 
copolymers obtained by graft copolymerization of unsaturated monomers such as styrene, ethylene- 
propylene non-conjugated diene copolymer rubbers, and styrene-conjugated diene block copolymer rub- 
55 bers such as styrene-isoprene diblock copolymers including hydrogenated copolymers such as partially 
hydrogenated ones or styrene-butadiene triblock copolymers. 

Examples of the flame retardants include phosphoric acid esters exemplified by triphenyl phosphate, 
tricresyl phosphate, a phosphate obtained from a mixture of isopropyi phenol and phenol, phosphates 
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^^»m* m ,i„„ melmlne| ^3f WI resin- WK^wont*,^ coni- 

rn KS£ -S^i^ - — * — *-* 

polyethylene wax and paraffin. Y ered am,nes - S P ec,,lc examples of the lubricants are 

weight; and the lubricants in an amount of 2 ^^1^7 ' °' ^ 0 001 *» « part, by 

of the po.ypheny.ene ether (A) and the polype ^EL* °" *» total 1 °° by" weigh' 

lamp reflectors, cylinder head covers. varioufZs ^ Si £f T^"* " y whee,s - do " ™™ stays, 
housings, pu.leys, handles, etc. in the mechanTal ?iSd °' automobiles and vehicles; various 

not -SrjKT" Wl '" * deSCribSd in "~ - — ce to *e examp.es but is 
K.K.: DSC220C], under the' conditions o ^^T/suT"^ * SE ' K ° ° ENSHI 

at the temperature ,or 5 

in chloroform at 30 .(T^™ 6,her > ha ™9 • Who viscosity of 0.46 dl/g when measured 
PPS-A: hnear type polyphenylene sulfide having Tmc of 195 • r an n . » 

PPS B- ? temperature of 318-C and a shearing rate Tof 100^ secT ° f 1 °° Pa * S (at 

PPS-B .near type polyphenylene sulfide having Tmc o 2^'Tand a ™» ■ 
PPS-C near type polyphenylene sulfide having Tmc o HZc and a 2 — * °' 80 Pa * S 
-3-D. crossing type polyphenylene sulfide ^Z^Tj^^ 2Q 

Mini 4 ' 4 '- di P nen y'"iethane diisocyanate 

molding machine. For molding a test piece used fcv LT 40 C of a mo,d temperature, using an injection 
a resin from both edges of I £ Z^EZFmT" * mM desi ' ned ^25 

th,cknes 5 of each test piece used was 3.2 mm A tmZTJ^ T" ° f *• teSt P iece was A 
measurement method defined in ASTM D^^C ^ " ° btained by ™ d '«cation of the 

Example 1 

•W* •*. two Mi, ports at ihe i£ « JtZS^l JT.T" <" 60 ™ "*■»•*• 



55 Comparative Example 1 
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The composition was tested in a manner similar to Example 1. The results are shown in Tables 1 and 2. 
Example 2 

A mixture of 35 parts by weight of PPE, 65 parts by weight of PPS-A and 3 parts by weight of cMDI 
was extruded at a barrel temperature of 300 "C using a single screw extruder of 40 mm diameter. The 
extruded strand was pelletized to obtain the resin composition of the present invention. 

The composition was tested in a manner similar to Example 1 . The results are shown in Tables 1 and 2. 

Example 3 and Comparative Examples 2 and 3 

The same procedures were carried out as in Example 2 except that the polyphenylene ether, 
polyarylene sulfide and compatibilizing agent and the proportion thereof were changed as shown in Table 1 . 
The composition was tested in a manner similar to Example 1. The results are shown in Tables 1 and 2. 

Example 4 

While continuously supplying 30 parts by weight of PPE, 70 parts by weight of PPS-A and 3 parts by 
weight of MDI through the feeding port at the upstream of the twin screw extruder used in Example 1 and 
66.7 parts by weight of glass fibers (GF) of 3 mm length through the feeding port at the center, extrusion 
was made at a barrel temperature of 320 W C, with maintaining the proportion. The extruded strand was 
pelletized to obtain the resin composition of the present invention. 

The composition was tested in a manner similar to Example 1 . The results are shown in Tables 1 and 2. 

Comparative Example 4 

The same procedures were carried out as in Example 1 except that PPS-C was replaced for PPS-A. 
The resin composition for comparison was thus obtained. 

The composition was tested in a manner similar to Example 1. The results are shown in Tables 1 and 2. 

Table 1 



No. 


Formulation 


PPE 


PPS 


MDI or cMDI 


filler 


part 


part 


part 


part 


Kind 


by wt 


kind 


by wt 


kind 


by wt 


kind 


by wt 


Example 1 


PPE 


20 


PPS-A 


80 










Comparative Example 1 


PPE 


20 


PPS-B 


80 










Example 2 


PPE 


35 


PPS-A 


65 


cMDI 


3 






Comparative Example 2 


PPE 


35 


PPS-C 


65 


cMDI 


3 






Example 3 


PPE 


40 


PPS-A 


60 


cMDI 


3 






Comparative Example 3 


PPE 


40 


PPS-D 


60 


cMDI 


3 






Example 4 


PPE 


30 


PPS-A 


70 


MDI 


3 


GF 


67 


Comparative Example 4 


PPE 


30 


PPS-C 


70 


MDI 


3 


GF 


67 
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Table 2 





Non-Welded Portion 


Welded Portion 




Tensile Strength MPa 


Breaking 


Tensile Strength MPa 


Breaking Extension 
% 






Extension % 


(retension rate: %) 










(retension rate: %) 


Example 1 

Comparative Example 1 
Example 2 

Comparative Example 2 
Example 3 

Comparative Example 3 
Example 4 

Comparative Example 4 


48 

55 

77.5 

39 

69 

49 
161 
160 


2.2 
2.5 
4.1 
4.4 
3.3 
2.2 
3.1 
3.5 


45 (94) 
42(77) 
76.5 (99) 
31 (80) 
66 (96) 
43(88) 
54 (34) 
45 (28) 


2.0 (91) 
1.8(72) 

4.1 (100) 
2.1 (48) 
3.3 (100) 
1.8 (82) 
1.2(39) 
1.0(29) 



w 



IS 



The thus obtained resin composition of the present invention provides excellent impact strength and 
economical properties and can therefore be molded by various molding techniques such as extrusion 
20 molding, injection molding or blow molding. The molded articles prepared from the resin composition of the 
present invention are provided to the market as a variety of resin articles. Accordingly, the present invention 
is of great value from an industrial viewpoint. 
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Claims 

1. A resin composition comprising (A) a polyphenylene ether and (B) a polyarylene sulfide having a 
temperature-mediated crystallization of not greater than 225 *C. 

2. A resin composition according to claim 1 , which further contains (C) a compatibilizing agent. 

3. A resin composition according to claim 1 or 2, wherein said polyphenylene ether (A) is polv(2 6- 
dimethyl-1,4-phenylene ether). 

4. A resin composition according to claim 1 or 2, wherein said polyarylene sulfide (B) is polyphenylene 
sulfide. 

5. A resin composition according to any of claims 2 to 4, wherein said compatibilizing agent is a 
polyisocyanate. 

40 6. A resin composition according to claim 5, wherein said polyisocyanate is selected from 2,4-toluylene 
diisocyanate. 2,6-toluylene diisocyanate, 4,4'-diphenylmethane diisocyanate. 3,3'-dimethylbiphenyl-4 4'- 
diisocyanate, diphenyl ether-4,4'-diisocyanate, hexamethylene diisocyanate, isophorone diisocyanate 
and polymethylene polyphenylene polyisocyanate. 

45 7. A resin composition according to claim 5, wherein said polyisocyanate is polymethylene polyphenylene 
polyisocyanate. 

a A resin composition according to any of claims 1 to 7, wherein said polyarylene sulfide is polyarylene 
sulfide having a melting viscosity of 50 to 200 Pa*s (500 to 2000 poise) under the conditions of a 
so temperature at 316 • C and a shear rate of 1000 sec" 1 . 

9. A resin composition according to any of claims 1 to 8 which further contains a filler (D). 

10. A resin composition according to claim 9, wherein said filler (D) is glass fibers. 
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